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TESTING SYSTEM FOR INTEGRATED
CIRCUITS INCLUDING COMPONENTS FOR
RECEIVING CLOCK SIGNALS

CORRESPONDING TO DIFFERENT CLOCK
DOMAINS

RELATED APPLICATION

The present application claims priority of Italian Patent
Application No. TO2010A 000268 filed Apr. 8, 2010, which 1s
incorporated herein in its entirety by this reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This present invention relates to techniques for testing
integrated circuits, and, more particularly to “shift mode” and
“capture mode” test modes that are currently employed in the
integrated circuit industry, particularly for consumer elec-
tronics.

2. Description of the Related Art

In the manufacture of integrated circuits, particularly of
highly complex integrated circuits, the need arises to perform
test operations on the components which constitute the cir-
cuit.

Specifically, test techniques are known such as “scan test-
ing”’, wherein, instead of performing a functional test at the
integrated circuit level, tests are performed aiming at verity-
ing the structure correctness.

In an mtegrated circuit there may be provided as many as a
million thip-tflops and more, and the most widespread methods
consider the circuit as a group of interconnected functional
blocks. This makes 1t possible, for example, to design com-
ponents, such as the flip-flops included 1n a single functional
block, in such a way as to allow them to be connected with one
another 1n a so-called scan path 1n order to undergo testing.
Beside the mputs and outputs employed during a normal
operation of the circuit, the tlip-flops included 1n such a scan
path include, therefore, additional terminals or pins, such as
the ones named Scan Input (SI) and Scan Enable mput (SE).
The flip-flops included 1n a scan path are connected with their
outputs to the SI input of the following flip-flop. The first
tlip-tlop 1n the path recerves an 1input stimulus from an auto-
matic test unit through an access terminal to the chip of the
integrated circuit. The last flip-flop 1n the scan path gives 1n
turn 1ts output to the automatic test unit through a correspond-
ing test access terminal. Within a single integrated circuit
there may be several scan paths.

FI1G. 1 of the annexed drawings shows, by way of example,
a scan path comprising a plurality of thip-tlops 100, 102,
104, . . . (these flip-tlops may be present 1n any rated number).
Flip-tlop 100 1s assumed to be the first flip-tlop 1n the scan
path, while thip-tflop 104 1s considered to be 1deally the last
tlip-tflop. Logic blocks 120 are interposed between the indi-
vidual tlip-flops; they are assumed to be interposed between
the output Q of the flip-flop upstream and the input D of the
tlip-tflop downstream.

In FIG. 1 there are shown the previously mentioned SI and
SE 1nputs, which are assumed to be 1deally connected:

the SI (Scan Input) 1input to a scan 1input contact point, and
the SE (Scan Enable) input to a scan enable contact point.

For the subsequent flip-tlops (e.g. tlip-flops 102 and 104),
while keeping the connection of the SE iput to the scan
enable contact point, the SI input of the individual tlip-tlop 1s
connected to the output of the ftlip-flop upstream. For
instance, in the shown example, the SI input of tlip-tflop 102 1s
connected to output ), denoted by 10056, of flip-tlop 100,
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while the SI mput of tlip-tlop 104 1s connected to output Q,
denoted by 1025, of tlip-tflop 102. Clock mputs 100a, 102a

and 104q are also shown in FIG. 1.

In this respect, 1t 1s to be remarked once again that the view
in FIG. 1 1s deliberately schematic 1n 1ts essential elements: a
scan path of the depicted kind generally comprises a much
higher number of mutually cooperating tlip-tlops.
In particular, in order to perform the scan testing, 1t 1s
possible to operate according to two different methods, which
are known as shift mode and capture mode.
In the shift mode, flip-tlops process what they receive at
their SI mnput. The scan enable contact point acts as an inter-
face for the automatic test unit, and allows the test unit to
deliver a signal adapted to set the flip-tlop 1nto a shift mode.
In the capture mode, the flip-flops process the input signals
received on input D, as 1t happens 1n the normal operating
mode. In various embodiments, in order to shift to the capture
mode a low level signal 1s applied on the SE input of the
thip-flop.
What has been said substantially corresponds to operating
information and modes which are known 1n the state of the art,
as reported for example 1n US-A-2006/0075297 (U.S. Pat.
No. 7,500,163).
This document acknowledges the fact that the described
techniques require the dedication of external pins of the inte-
grated circuit to the scan testing function, in order to allow the
connection to the automatic test devices.
Although use 1s not made of a plurality of external pins
dedicated to the test by resorting to the functional pins being
shared and having a specific meaning in test mode, in any case
the need 1s felt to limit the number of external pins used; this
1s due to various different reasons:
a low functional pin count is available,
the necessary hardware for the test should be reduced
(channels of the testing device),

with the same number of channels, parallelism (the number
of simultaneously tested devices) should be increased,
and

generally speaking, 1t 1s desirable to minimize the number

of external pins dedicated to testing, so as to reduce
dimensions and/or to dedicate a higher number of pins to
the circuit functions.

Moreover, the number of internal clocks of an integrated
circuit has an impact on the number of external pins. In a
currently employed chip there may be as many as hundreds of
different “clock domains”, which phrase indicates a set of
tlip-flops and logic circuits that use the same clock. This fact
may cause further difficulties in relation to a possible use of a
common gate or a common flip-flop. Actually, there may exist
independent clock domains, 1.e. clock domains that do not
interfere with one another in any way, 1n a situation wherein
the 1nternal clocks supporting them may have different oper-
ating frequencies, which fact involves having for each clock
domain a respective external pin supporting the testing func-
tion. This 1s a further difficulty as regards the soaring number
of test pins.

Specifically, the diagram 1n FIG. 2 depicts a typical situa-
tion where the need exists to handle several internal clocks
with different frequencies. These frequencies may corre-
spond, for example, to the operating frequencies of various
clock generators, denoted by CK1, CK1', CK2, CK3, etc.

By way of example and not of limitation of the scope of the
present disclosure, generator CK1 may be, for example, a
PLL operating at an exemplary frequency of 72 MHz, with an
associated divisor by two, which practically acts as a further
clock generator CK1' operating at a frequency of 36 MHz,
corresponding to half the frequency generated by generator
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CK1. Smmilarly, generator CK2 can be an oscillator of any
kind, operating for example at a frequency of 25 MHz, while

clock generator CK3 may be an oscillating circuit RC, oper-
ating at a frequency of 16 MHz. The reported frequency
values obviously have an exemplary value, and the choice of
their respective value aims at highlighting that such clock
signals and the related clock domains may operate at any
frequency, without imposing or assuming any dependence
constraint of such frequencies.

FIG. 2 refers mainly to the normal operating mode (without
testing) of the device, and highlights the fact that the various
clock domains, 1f necessary, can be “turned oif” through
clock gating cells 200, integrated in the circuit that must
undergo testing.

Cells 200 are subjected to control or enable (EN) signals
and can comprise e.g. AND gates with two inputs, which
respectively receive:

on one input, the clock signal CK1, CK1', CK2, CK3, and

on the other input, the EN signal.

As a consequence, 1f the EN signal 1s at level ©“17, the clock
domain 1s active, and therefore the clock signal 1s supplied to
tlip-tflops 100, 102, 104, . . . ; 1f the EN signal 1s at level “0”,
the clock domain 1s off.

For the sake of clarity it should be noted that, 1n the solution
considered 1n FIG. 2, the control or enable signal EN 1s to be
distinguished from the scan enable signal SE.

In order to test the circuit, the structure depicted 1n FIG. 2
1s adapted to be implemented, according to conventional solu-
tions, with two different approaches, that are respectively
illustrated 1n FI1G. 3 and 1in FIG. 4. In these two Figures, parts
and components identical or equivalent to parts and compo-
nents already described with reference to FIGS. 1 and 2 are
denoted by the same reference numbers, and the description
thereol will be omitted.

Specifically, the solution in FIG. 3 involves the use of
plural pins, one for each test clock tst_ckl, tst_ck2, tst_ck3,
tst_ckd, 1in order to solve the set up/hold 1ssue among the
various clock domains. Upstream each cell 200, on the input
that must recetve the clock signal CK1, CK1', CK2, CK3, a
multiplexer 202 1s arranged which operates under the control
of a test_mode signal. When the test_mode signal shows that

the circuit 1s being tested, multiplexers 202 send, in place of
the signal CK1, CK1', CK2, CK3, a corresponding signal

tst_ckl, tst_ck2, tst_ ck3 tst_ ck4 to the cells 200.

The solutlon in FIG. 4 involves, on the contrary, the use of
a single pin common to all clock domains, on which a test
clock signal tst_ck 1s present. In this case as well, upstream
cach cell 200, on the mput that must receive the clock signal
CK1, CK1', CK2, CK3, a multiplexer 202 1s arranged which
operates under the control of a test_mode signal. When the
test_ mode signal indicates that the circuit 1s being tested,
multiplexers 202 send, 1n place of the signal CK1, CK1', CK2,
CK3, a signal tst_clk to the cells 200. In this case the need
arises to handle timing 1ssues among the different clock sig-
nals.

The firm Synopsis, Mountain View, Calif., USA offers a
software tool that can be used 1n a design environment for
integrated circuits and that 1s known as DFT_COMPILER.
Such a tool includes an application named OCC (On-Chip
Clocking) that1s adapted to manage various internal clocks of
a circuit during a test operation.

SUMMARY OF THE INVENTION

The inventors have observed that the solution previously
considered with reference to FIGS. 2 and 4 suffers from some
major drawbacks.

5

10

15

20

25

30

35

40

45

50

55

60

65

4

Specifically, 1n the case that one pin for each clock domain
1s employed, the number of necessary pads to handle a cor-
responding number of different clock domains increases,
which fact results 1n a lower ability to operate 1n parallelism.

If a common pin 1s used for all clock domains, a problem
arises concerning the clock rate of the different clock
domains, with the addition of the fact that a rather long
processing time 1s required in order to generate the corre-
sponding test patterns.

The 1inventors have moreover observed that also the previ-
ously mentioned tool, which can handle various internal
clocks of a circuit during a testing operation, shows various
disadvantages, for example a negative impact on the synthesis
of so-called clock trees, and makes the circuit heavier in terms
of area overhead.

The object of the invention 1s to avoid the previously dis-
cussed drawbacks.

According to the present invention, such an object 1s
achieved thanks to a system having the features set forth in the
claims that follow.

The claims are an 1integral part of the technical teaching of
the invention provided herein.

In various embodiments, the presently described solution
allows the use of a single external pin, a feature that 1s par-
ticularly advantageous in the case of an “at speed scan test”,
being able to use a flip-tflop which handles any clock domain.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will now be described, by way of example
only, with reference to the enclosed representations, wherein:

FIGS. 1 to 4 relate to the prior art and have been previously
described:;

FIG. 5 shows an exemplary embodiment according to the
present invention;

FIGS. 6 and 7 show two possible embodiment solutions
according to the present invention; and

FIG. 8 1s a flow diagram according to the present invention
showing the ways in which the embodiments can be
employed.

DETAILED DESCRIPTION

In the following description, numerous specific details are
given to provide a thorough understanding of embodiments.
The embodiments can be practiced without one or more of the
specific details, or with other methods, components, materi-
als, etc. In other instances, well-known structures, materials,
or operations are not shown or described 1n detail to avoid
obscuring aspects of the embodiments.

Reference throughout this specification to “one embodi-
ment” or “an embodiment” means that a particular feature,
structure, or characteristic described in connection with the
embodiment 1s included in at least one embodiment. Thus, the
appearances of the phrases “in one embodiment” or “in an
embodiment” 1n various places throughout this specification
are not necessarily all referring to the same embodiment.
Furthermore, the particular features, structures, or character-
1stics may be combined 1n any suitable manner in one or more
embodiments.

The headings provided herein are for convenience only and
do not 1nterpret the scope or meaning of the embodiments.

In FIG. 5 and in the subsequent Figures, parts and compo-
nents 1dentical or equivalent to parts and components already
described with reference to FIGS. 1 and 4 are denoted by the
same reference numbers, and the description thereof will be
omitted.
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As exemplified in FIG. §, various embodiments can be
considered as a development of the solution shown in FIG. 4.
Such embodiments imnvolve therefore the use of a single pin,
common to all clock domains, on which a test signal test_clk
1s present, while upstream each cell 200, on the mnput that

must recerve the clock signal CK1, CK1', CK2, CK3, a mul-

tiplexer 202 1s arranged which operates under the control of a
test_mode signal. When the test_mode signal indicates that
the circuit 1s being tested, multiplexers 202 send, in place of

the signal CK1, CK1', CK2, CK3, a tst_clk signal to the cells
200.

In FIG. §, the clock gating cells 200 are provided, always
referring for simplicity to an implementation with an AND
gate, with a further input adapted to allow the performance of
a clock gating function (particularly on the tst_clk signal, sent
to the cells 200 from multiplexers 202 when the test_mode
signal indicates the test mode).

In various embodiments, the said further input refers to a
circuit 300 which includes (see FIGS. 6 and 7) a dedicated
tlip-tlop 1000, itself integrated 1n circuit being tested.

Flip-tlop 1000 1s adapted to perform a clock gating func-
tion at the desired frequency (for example, referring to the
previously described values, and 1n no way by limitation, 72
MHz, 36 MHz, 25 MHz and 16 MHz).

In this way 1t 1s possible to control various clocks from a
single pin, so as to perform, for example, a function of select-
ing a clock gating during the capture step, so as to perform an
“at speed test” without encountering timing problems.

In various embodiments, depicted 1n particular in FIGS. 6
and 7, the signal coming from each flip-tlop 1000 1s supplied
to the corresponding cell 200 through an OR gate 1002,
interposed between flip-flop 1000 and cell 200 and having;

as a {irst input, the output signal from flip-tlop 1000, and

as a second iput, the scan enable signal SE which has
already been discussed in the introductory section of the
present disclosure.

Flip-tlop 1000 recerves the tst_clk signal as mput. The
respective inputs TT and TE on the contrary receive the scan in
(SI) and scan enable (SE) signals, which have been described
with reference to FIG. 1. The mput D of tlip-tlop 1000
receives as a feedback the output of gate 1002, so as to avoid
possible timing problems.

The two embodiments of FIGS. 6 and 7 differ 1n the fol-
lowing features:

in the embodiment of FIG. 6 (mask system active low) the

output signal of flip-flop 1000 1s supplied to the input of
the OR gate 1002 1n a direct form;

in the embodiment of FIG. 7 (mask system active high) the

output signal of flip-flop 1000 1s supplied to the input of
the OR gate 1002 1n negated form (1.e. with mverted
logic).

The output of gate 1002, connected with an input of cell
200, transters to cell 100 the signal of tlip-flop 1000 subjected
to gating by the 31gnal SE.

In this way 1t 1s possﬂjle to have a dedicated flip-tlop 1000
for each clock domain/frequency, and to handle the genera-
tion of patterns 1n a tlexible way, by using the flip-tlop 1000
(which 1s 1n turn adapted to be tested with the scan technique).

Specifically, the flow diagram in FIG. 8 shows an operating
mode whereby, after a START step, 1 a first shift step
(SHIFT-IN) 50 the flip-tlops are loaded to a known value. In
order to achieve this, all shift chains are carried out, 1.e. all
tlip-flops 100, 102, 104, . . . are connected by bringing the
signal SE to the value SE=1, which allows selection of the test
input SI mstead of the functional mput D. This step 50 1s
therefore named shift (1n), and 1t lasts as many clock strikes as
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the length of the longest scan chain 1n order to be able to load
all tlip-flops to the suitable value.

Once the device has been configured, the signal SE 1s
brought to the value SE=0 (capture), 1n order to be able to
select, 1n step 52, the mput D of the flip-tlops, 1.¢. the func-
tional input.

Subsequently, 1n a second shift step (SHIFT-OUT) 54, the
signal 1s brought back to the value SE=1, in order to recon-
figure the scan chains so as to observe the capture value
serially. This step 54 1s perfectly equivalent to step 50, and 1n
various embodiments steps 50 and 54 take place at the same
time, because the shift-in of the new data to be loaded implies
the simultaneous shitt-out of the captured data.

In practice, SHIFT and CAPTURE are two subsequent
scan steps that are discriminated by the SE value.

In step 54, moreover, the actually captured value 1s com-
pared with the expected one, and during production all those
clements showing differences are discarded.

The general criteria for the execution of a test of the pres-
ently described type are anyway generally known, and there-
fore do not require a more detailed description herein.

Various embodiments therefore allow to increase the par-
allelism 1n the system, because only one clock pin 1s needed
to recerve a clock signal from the outside, because the selec-
tive gating function of the clock 1s handled within the inte-
grated circuit (through the flip-tlops 1000).

The area overhead 1s not excessive, as the overall addition
only includes one single flip-flop and a gate, such as OR gate
1002, for each clock domain, which has a positive effect on
the consumption, too.

Various embodiments have a negligible impact on the func-
tion of clock tree synthesis, as 1t 1s also possible to execute
tests on inter-clock domains.

All these features are embodied 1n a solution of simple
implementation, with the further advantage of time saving 1n
the development flow as compared to the solution involving a
test clock for each clock domain.

Of course, without prejudice to the underlying principles of
the invention, the details and the embodiments may vary, even
appreciably, with respect to what has been described by way
of example only, without departing from the scope of the
invention as defined by the claims that follow.

We claim:
1. A system for testing an integrated circuit including com-
ponents for recerving clock signals corresponding to different
clock domains, the system 1ncluding:
a pin of the integrated circuit to recerve a test clock signal
for components included in different clock domains;

clock gating cells integrated 1n the integrated circuit to
direct said test clock signal from said pin towards com-
ponents mcluded 1n respective clock domains;
coupled to each of said gating cells, a dedicated tlip-tlop for
a respective clock domain, said dedicated flip-flop being,
also integrated 1n the integrated circuit to effect on the
cell to which 1t 1s coupled a clock gating function during,
test of the integrated circuit; and
a logic gate interposed between said dedicated flip-flop and
said clock gating cell coupled thereto to effect a gating
function based on a scan enable signal by correspond-
ingly managing generation of test patterns for the circuit,

wherein the output of said logic gate 1s feedback connected
to the D mput of said dedicated tlip-flop.

2. The system of claim 1, including multiplexers controlled
by a signal indicative of a test phase, to send toward said clock
gating cells, 1n said test phase, said test clock signal 1n the

place of one of said clock signals.
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3. The system of claim 1, wherein said logic gate 1s an OR
gate receiving said scan enable signal on an mput and the
output signal of said dedicated flip-tlop on another input.

4. The system of claim 1, wherein said logic gate receives
the un-inverted output signal of said dedicated flip-flop.

5. The system of claim 1, wherein said logic gate receives
the inverted output signal of said dedicated tlip-tlop.

6. The system of claim 1 wherein said gating cells are AND
gates.

7. An mtegrated circuit comprising:

a pin for receiving a test clock signal;

clock gating cells to direct said test clock signal from said

pin towards components included in respective clock
domains;

coupled to each of said gating cells, a dedicated tlip-tlop for

a respective clock domain, said dedicated flip-flop
elfecting on the cell to which 1t 1s coupled a clock gating
function during testing of the integrated circuit; and
alogic gate interposed between said dedicated tlip-tlop and
said clock gating cell coupled thereto to effect a gating
function based on a scan enable signal by correspond-
ingly managing generation of test patterns for the circuit,
wherein the output of said logic gate 1s feedback connected
to the D mput of said dedicated tlip-flop.

8. The mtegrated circuit of claim 7, further comprising
multiplexers controlled by a signal indicative of a test phase,
to send toward said clock gating cells, 1n said test phase, said
test clock signal in the place of one of said clock signals.

9. The integrated circuit of claim 7, wherein said logic gate
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10. The integrated circuit of claim 7, wherein said logic
gate recerves the un-nverted output signal of said dedicated
thip-flop.

11. The tegrated circuit of claim 7, wherein said logic
gate recerves the inverted output signal of said dedicated
thip-flop.

12. The mtegrated circuit of claim 7 wherein said gating
cells comprise AND gates.

13. A testing method for an mtegrated circuit comprising:

receving a test clock signal on a pin of the integrated

circuit;

providing clock gating cells to direct said test clock signal

from said pin towards components imncluded in respec-
tive clock domains;
coupling to each of said gating cells, a dedicated flip-flop
for a respective clock domain, said dedicated tlip-tlop
effecting on the cell to which 1t 1s coupled a clock gating
function during testing of the integrated circuit; and

providing a logic gate interposed between said dedicated
tlip-tflop and said clock gating cell coupled thereto to
elfect a gating function based on a scan enable signal by
correspondingly managing generation of test patterns
for the circuit,

wherein the output of said logic gate 1s fed back to the D

input of said dedicated tlip-tlop.

14. The testing method of claim 13, further comprising
providing multiplexers controlled by a signal indicative of a
test phase, to send toward said clock gating cells, 1n said test
phase, said test clock signal 1n the place of one of said clock
signals.
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